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Any attempt to answer the question ‘is organic food better for you?’ 
requires an assessment of the  safety, nutritional content and biological 
value aspects of food quality.  Previous reviews have been unable to 
reach definitive conclusions after failing to ensure only valid comparisons 
are considered.  When methodologically flawed studies are screened out 
and a complete assessment of nutritional quality is made, collectively, the 
available evidence supports the hypothesis that organically produced food 
is superior in terms of safety, nutritional content and nutritional value to 
that produced non-organically.  More research is needed provide to more 
data further investigating the trends seen in the existing evidence.  
 




Public concern about food quality has intensified in recent years and prompted 
heated debate about the integrity and safety of food.  Demand for organically 
produced food has grown rapidly, with ‘It’s better for you’ a key motivation for 
purchase.  To assess the accuracy of this statement, attention must be focused 
on those aspects of food quality that directly affect health – biological value and 
nutritional quality (which includes food safety), though when comparing foods on 
these aspects alone, it should be remembered that they represent only a part of a 
wider concept of food quality (EFRC 1990).  Recent literature reviews have 
identified hundreds of papers examining this question, many of which have 
reported inconclusive, conflicting or confusing results. The previous reviews, most 
notably Woese  et al. (1997), Worthington (1998), Diver (2000), Brandt & 
Molgaard (2000), and Williams et al. (2000), have therefore, on the whole, been 
either inconclusive or very cautious in their conclusions, pointing out the poor 
quality and wide variations in style of the available evidence. Consequently the 
official view has been that there is insufficient evidence to support the claim that 
“organic food is better for you”. 
 
These reviews have, however, failed to ensure that only those studies properly 
representing organic and non-organic food and farming, and therefore constituting 
valid comparisons, are considered.  By removing methodologically flawed studies 
and including a complete consideration of the nutritional quality of foods, this 




Evidence is examined in three areas: 
1.  Food safety:  To what extent do organic and non-organic foods contain 
undesirable components such as potentially harmful pesticide residues, food 
additives and pathogens?  
2.  Nutritional content:  What contribution do organic and non-organic foods make 
to a varied and balanced diet, providing nutrients such as vitamins, minerals 
Archived at http://orgprints.org/8361and antioxidant phytonutrients known to contribute to good health? 
Comparative studies of nutritional content derive samples from one of three 
possible sources: field trials, farm surveys and ‘shopping basket’ surveys. 
3.  Nutritional value:  The ultimate test of nutritional quality is the capacity of a 
food to support health, growth and reproduction.  Relevant, then, are studies 
that assess the health of animals or people fed organically or non-organically 
grown food.  
 
The available studies comparing nutrient contents were assessed for validity in 
terms of agricultural practice and scientific analyses. Specifically: 
1.  Only data from certified organic produce, certified organic farms, or crops 
grown in soil in its third year (or more) of organic management (to allow for the 
legally required conversion period) are considered valid for comparison 
purposes. 
2.  Agricultural practices in experimental trials must reflect typical practices within 
the respective methods of agriculture.  Agronomic practices in the comparative 
crops should be described in the study, as interpretations and practices can 
vary widely from researcher to researcher, as indeed from farmer to farmer. 
Care should be taken in field trials and farm surveys to control other influential 
factors such as soil type, geographical location, crop variety, and growing 
season.  In market surveys, variety and source should be matched as closely 
as possible, and while these and other factors such as soil type, date of 
sowing and date of harvest cannot always be determined and controlled in 
these studies, their consumer relevance is often sufficient to supersede these 
uncertainties and render them worthwhile comparisons. Studies that compare 
fertilisation but not crop protection methods or whole systems are accepted as 
valid comparisons of the two systems (so long as other practices do not 
invalidate the study), as the method of fertilisation plays such a significant role 
in the nutrient availability to and growth of crops. 
3.  Only comparisons of nutrients on a fresh-weight basis are included.  
Comparing nutrient contents on a dry-weight basis eliminates the dilution 
effect of the h igher water contents of some produce, and lack consumer 
relevance, given that produce is generally purchased and consumed on a 
fresh-weight basis.  
4.  Studies must include relevant quality comparisons.  Studies should compare a 
variety of essential nutritional components that could therefore have an impact 
on health. This includes vitamin, mineral (beyond just N, P and K), dry matter 






Pesticide residues  
 
Over 400 pesticides are permitted for use in the UK.  The incidence and levels of 
pesticide residues on foods are monitored annually.  28.6% of all foods tested in 
1999 were found to contain pesticide residues, and 48% of all fruit and vegetables 
tested (MAFF 2000).  The levels found are typically very low. Just 1.6% of all 
foods and 3% of fruit and vegetables exceeded the MRL – maximum residue limit 
– in 1999. Seven pesticides are permitted for restricted use in organic farming.  
Archived at http://orgprints.org/8361Organic produce is usually found to contain no pesticide residues.  When 
residues are present, they are typically of significantly lower incidence and levels 
than those found in non-organic produce (MAFF 1999,  Schüpbach 1986, 
Reinhardt & Wolf 1986), and result mostly from environmental pollution from non-
organic agriculture (Woese et al. 1997, Bitaud 2000).  
 
‘Rigorous safety assessments’ are made of all pesticides and it is asserted that 
these incidences and levels do not represent a threat to food safety (FSA 2001).  
However no such ‘rigorous safety assessment’ has or can be made of the infinite 
number of mixtures of compounds consumers are typically exposed to.  Individual 
samples contained up to seven different pesticides in 1999.  Synergies resulting 
in greatly increased toxicity of pesticides and other agricultural compounds have 
been observed (Boyd et al. 1990, Porter et al. 1993, Porter et al. 1999, 
Thiruchelvam et al. 2000).  Dietary exposure to pesticide residues has been 
linked to gastrointestinal and neurological complaints (Ratner et al. 1983), breast 
milk contamination (Aubert 1975) and some sperm quality parameters (Juhler et 
al. 1999, Abell et al. 1994, Jensen et al. 1996). The British Medical Association 
urges a precautionary approach “because the data on risk to human health from 




While more than 500 additives are permitted for use in processed foods, only 30 
or so are permitted in organic processing.  Organic standards prohibit additives 
and ingredients implicated in various health concerns, including hydrogenated 
fats, phosphoric acid, aspartame, MSG and artificial colourings, linked with heart 
disease (Willet et al. 1993), osteoporosis (Wyshak 2000), headaches (Lipton 





There is no evidence linking organically produced foods with an increased risk of 
food poisoning.  Methods employed in organic farming such as lower stocking 
rates and careful composting of manure are designed to minimise pathogenic 
risks, and investigations have confirmed that organic produce carries a no greater 




Evaluation of validity of studies 
 
Of the 99 studies found, claiming or claimed to make a direct comparison of the 
nutritional quality of organic and non-organic produce, 70 were rejected as invalid 
comparisons for the following reasons: insufficient duration (27), incorrect or 
unknown practices (23), absence of relevant quality  comparisons (14) and 
republished results of previous experiments (6).  Of the 29 remaining valid 
studies, 14 compare mineral contents, 13 compare vitamin C contents and 19 
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Against a background of declining mineral levels in fresh produce over the last 
sixty years (Mayer 1997), and given that many people fail to achieve the 
recommended daily allowance for a variety of nutrients (MAFF 1996, Clayton 
2001), the nutrient contents of  organic and non-organic produce are worthy of 
comparison.  Due to the heterogeneous nature of the data set, only trends, firstly 
within and then among the available valid studies, were examined. 
 
Table 1. Overall trends demonstrated within all available valid studies
1 comparing 
the nutrient contents of organically and non-organically grown fruit and vegetables  
  
Comparison  Non-organic higher  No difference  Organic higher  
Dry matter  1  8  10 
Minerals
2  1  6    7 
Vitamin C  0  6    7 
1 see Heaton (2001) for full references and summaries of all 99 reviewed studies 
2  K, Ca, Mg, P, Fe, Cu, Mn, Zn, S, B, Cr, Co, Mo, Ni, Se, Si, St & Va (in 
descending order of numbers of comparisons) 
 
Not all agree that the available data set cannot be combined and statistically 
analysed. Worthington (2001) has compiled the data and employed the Wilcoxon 
signed-rank test to confirm that Magnesium (+29%), Vitamin C (+27%), Iron 
(+21%) and Phosphorus (+13%) are found in significantly higher levels in organic 
produce (P<0.01).  Every mineral compared was found to be higher in organic 
produce, yet the remainder failed to attain statistical significance due mostly to the 
insufficient comparisons available.  Based on current dietary patterns, the 
differences demonstrated can mean the difference between achieving the 




Phytonutrients with known beneficial (often antioxidant) effects on human health 
are expected to be higher in organic produce for various reasons, including 
varietal choice, crop maturity and crop protection methods.  This has been 
confirmed for lycopene in tomatoes (Pither & Hall 1990), polyphenols in potatoes 
(Hamouz et al. 1999), flavonols in apples (Weibel et al. 2000) and resveratrol in 
red wine ( Levite et al. 2000).  A recent review ( Brandt & Mølgaard 2001) 
tentatively estimated, based on the currently available evidence, that organic 





Animal feeding trials have consistently demonstrated improved health in animals 
fed organically produced food compared to those fed non-organically produced 
food (Worthington 1998).  Observed benefits have included significantly improved 
growth rates (Edelmuller 1984), reproductive health (Aehnelt & Hahn 1978), 
recovery from illness (Plochberger 1989), and general health (Staiger 1988) in 
those animals fed organically produced feed. 
 
Archived at http://orgprints.org/8361While similar controlled studies in humans are difficult, clinical experience and 
recorded observations have suggested similar benefits in human reproductive 
health (Foresight), recovery from illness (Plaskett 1999) and general health 




There has now been sufficient analysis of the existing data.  Collectively, the 
available valid evidence supports the consumer intuition that organically produced 
foods are superior in terms of food safety, nutritional content and nutritional value 
to non-organically produced foods.    More primary research is now needed to 
confirm and further the findings of this review, specifically, to quantify the 
differences in nutritional content and further examine which nutrients are 
significantly higher or lower in organic produce compared to non-organic produce; 
and to further investigate, under controlled conditions, the link between organic 




Abell A; Ernst E; Bonde JP (1994).  High sperm density among members of organic farmers’ 
association. The Lancet 343, 1498. 
Aehnelt E; Hahn J (1978). Animal fertility: a possibility for biological quality assay of fodder and 
feeds. Biodynamics 25, 36–47. 
Aubert C (1975). Die Muttermilch, ein erschreckender Stand der Toxiditaet. Leb Erde, Heft 1. 
Bitaud C (2000). Study on pesticide residues in organic food products in France, Proceedings 
from the 13th IFOAM Scientific Conference, Basel, Switzerland, 28–31 Aug 2000, p 311. 
BMA (1992). The BMA Guide to Pesticides, Chemicals and Health. Report of the Board of Science 
and Education, British Medical Association, UK. 
Boyd CA; Weiler MH; Porter WP (1990). Behavioural and neurochemical changes associated with 
chronic exposure to low-level concentrations of pesticide mixtures. Journal of Toxicology and 
Environmental Health 30, 209–221. 
Brandt K; Mølgaard JP (2001). Organic agriculture: does it enhance or reduce the nutritional value 
of plant foods? Journal of the Science of Food and Agriculture 81, 924–931 
Clayton P (2001). Health Defence. Accelerated Learning Systems, Aylesbury, UK. 
Daldy Y (1940). Food production without artificial fertilisers. Nature 145(3684), 905-6. 
Diver S (2000). Nutritional Quality of Organically Grown Food.  ATTRA (Appropriate Technology 
Transfer for Rural Areas) report, Arkansas, US. 
Edelmuller I  (1984). Untersuchungen zur qualitatserfassung von produkten aus unterschiedlichen 
anbausystemen (biologisch-dynamisch bzw. konventionell) mittels futterungsversuchen an 
kaninchen. Dissertation, University of Vienna, Austria. 
EFRC (1990). Discussion session: Food Quality  – concepts and methodology’, Elm Farm 
Research Centre Colloquium, 50-54. 
Foresight. Preconceptual care charity, 28 The Paddock, Godalming, Surrey, GU7 1XD, UK.  
FSA (2000). Position paper: Food Standards Agency View on Organic Foods, UK. 
FSA (2001). Chairman Sir John Krebs in personal communications, Aug-Dec 2001. 
Hamouz K; Lachman J; Vokal B; Pivec V (1999).  Influence of environmental conditions and way 
of cultivation on the polyphenol and ascorbic acid content in potato tubers. Rostlinna Vyroba 
45(7), 293–298 
Heaton S (2001). Organic Farming, Food Quality and Human Health. Soil Association report, 
Bristol UK, 87pp. 
Jensen TK; Giwercman A; Carlsen E; Scheike T; Skakkebæk NE (1996). Semen quality among 
members of organic food associations in Zealand, Denmark. The Lancet 347,1844. 
Juhler RK; Larsen SB; Meyer O; Jensen ND; Spanò M; Giwercman A; Bonde JP (1999). Human 
semen quality in relation to dietary pesticide exposure and organic diet.  Archives of 
Environmental Contamination and Toxicology 37, 415–423. 
Archived at http://orgprints.org/8361 Levite D; Adrian M; Tamm L (2000).  Preliminary results of resveratrol in wine of organic and 
conventional vineyards’, Proceedings of the 6th International Congress on Organic Viticulture, 
25–26 Aug 2000, Basel, Switzerland, p 256–257 
Lipton RB (1989). Aspartame as a dietary trigger of headache. Headache 29(2), 90–92. 
MAFF (1996). National Food Survey 1995. Stationary Office, London, UK. 
MAFF (1999/2000). Annual Report of the Working Party on Pesticide Residues 1998/1999, Health 
and Safety executive, MAFF Publications, London. 
Mayer A-M (1997). Historical changes in the mineral content of fruits and vegetables: A cause for 
concern? British Food Journal 99, 10-31. 
PHLS (2001). The Microbial Examination of Ready-to-Eat Organic Vegetables from Retail 
Establishments. Public Health Laboratory Service Environmental Surveillance Unit, London. 
Pither R; Hall MN (1990). Analytical survey of the nutritional composition of organically grown fruit 
and vegetables, Technical Memorandum 597, MAFF Project 4350, Campden Research, UK 
Plaskett LG (1999).  Nutritional therapy to the aid of cancer patients. Nutrition Cancer therapy 
Trust UK.  Submittted to the International Journal of Alternative and Complementary Medicine 
Plochberger K (1989). Feeding experiments. A  criterion for quality estimation of biologically and 
conventionally produced foods.  Agriculture, Ecosystems and Environment 27, 419–428. 
Porter WP; Green SM; Debbink NL; Carlson I (1993). Groundwater pesticides: interactive effects 
of low concentrations o f carbamates aldicarb and methomyl and the triazine metribuzin on 
thyroxine and somatotrophin levels in white rats.  Journal of Toxicology and Environmental 
Health 40, 15–34. 
Porter WP; Jaeger JW; Carlson IH (1999). Endocrine, immune, and behavioural effects of alicarb 
(carbamate), atrazine (triazine) and nitrate (fertiliser) mixtures at ground water concentrations. 
Toxicology and Industrial Health 15, 133–150. 
Ratner D; Oren B; Vidger K (1983). Chronic dietary anticholinesterase poisoning.  Israel Journal of 
Medical Science 19, 810-4.   
Reinhardt C; Wolf I (1986). Ruckstandean Pflanzenschutzmitteln bei alternative und konventionell 
angebautem obst u. gemuse. Bioland 2, s14–17.  
Rumsaeng V; Metcalf DD (1999). Nutritional Reviews 56(1), 5153-60. 
Schüpbach MR ( 1986).  Spritzmittelruckstande in obst und gemuse.  Deutsche Lebensmittel-
Rundschau 3, s76–80. 
Staiger D (1988). The nutritional value of foods from conventional and biodynamic agriculture. 
IFOAM Bulletin 4, 9–12. 
Thiruchelvam M; Richfield EK; Baggs RB; Tank AW; Cory-Slechta DA (2000). The Nigrostriatal 
Dopaminergic System as a preferential target of repeated exposures to combined paraquat 
and maneb: implications for Parkinson’s Disease. Journal of Neuroscience 20(24), 9207–14 
Ward NI; Soulsbury KA; Zettel VH; Colquhoun ID; Bunday S; Barnes B (1990) The influence of the 
chemical additive tartrazine on the zinc status of hyperkinetic children. Double blind placebo-
controlled study. Journal of Nutritional Medicine 1, 51–57 
Weibel FP; Bickel R; Leuthold S; Alfoldi T (2000).  Are organically grown apples tastier and 
healthier? A comparative field study using conventional and alternative methods to measure 
fruit quality’, Acta Horticulturae 517, 417–426.  
Willet W et al. (1993) Intake of trans fatty acids and risk of coronary heart disease among women. 
The Lancet 341(8845), 581–585. 
Williams CM; Pennington TH; Bridges O; Bridges JW (2000). Food quality and health. Shades of 
Green, a Review of UK Farming Systems, Royal Agricultural Society of England, 73–90. 
Woese K;  Lange D; Boess C; Werner Böel K (1997). A comparison of organically and 
conventionally grown foods: results of a review of the relevant literature.  Journal of the 
Science of Food and Agriculture 74, 281–293. 
Worthington V (1998). Effect of agricultural methods on nutritional quality: a comparison of organic 
with conventional crops. Alternative Therapies Health Med 4(1), 58–69. 
Worthington V (2001).  Nutritional Quality of Organic versus Conventional Fruits, Vegetables and 
Grains.  The Journal Of Alternative and Complementary Medicine 7(2), 161-173. 
Wyshak G (2000). Teenage girls, carbonated beverage consumption and bone fractures. Archives 




From: Powell et al. (eds), UK Organic Research 2002: Proceedings of the COR Conference, 
26-28
th March 2002, Aberystwyth, pp. 55-60. 
Archived at http://orgprints.org/8361